An Arg-specific mono(ADP-ribosyl)transferase activity on the surface of human polymorphonuclear neutrophil leucocytes (PMNs) was confirmed by the use of diethylamino-(benzylidineamino)guanidine (DEA-BAG) as an ADP-ribose acceptor. Two separate HPLC systems were used to separate ADPribosyl-DEA-BAG from reaction mixtures, and its presence was confirmed by electrospray mass spectrometry. ADP-ribosyl-DEA-BAG was produced in the presence of PMNs, but not in their absence. Incubation of DEA-BAG with ADP-ribose (0.1-10 mM) did not yield ADP-ribosyl-DEA-BAG, which indicates that ADP-ribosyl-DEA-BAG formed in the presence of PMNs was not simply a product of a reaction between DEA-BAG and free ADP-ribose, due possibly to the hydrolysis of NAD + by an NAD + glycohydrolase. The assay of mono(ADPribosyl)transferase with agmatine as a substrate was modified for
INTRODUCTION
Mono(ADP-ribosyl)transferases (EC 2.4.2.31) catalyse the cleavage of NAD + to yield free nicotinamide and transfer ADPribose on to an amino acid acceptor through an S-or Nglycosidic linkage. The most extensively characterized forms of this enzyme are the prokaryotic mono(ADP-ribosyl)transferases. Numerous bacteria, including Vibrio cholerae, Bordetella pertussis, Escherichia coli and Clostridium botulinum, produce mono(ADP-ribosyl)transferases as exotoxins which ADPribosylate specific G-protein subunits and modify their function [1, 2] .
Eukaryotic mono(ADP-ribosyl)transferases were identified some years ago [3] , although little is known as yet about their physiological roles. Both Arg-and Cys-specific forms of mono(ADP-ribosyl)transferase have been reported in various tissues [3] [4] [5] [6] [7] , but there is still doubt regarding the existence of Cys-specific eukaryotic mono(ADP-ribosyl)transferases. Arginine-specific mono(ADP-ribosyl)transferases have been purified from various tissues, including turkey erythrocytes [3] [4] [5] [6] and rabbit skeletal muscle [8] [9] [10] . Turkey erythrocytes contain several different isoforms of the enzyme, which differ in their cellular distribution, regulatory, physical and kinetic properties. In contrast, the enzyme isolated from rabbit skeletal muscle is more restricted in its expression. Several isoforms of eukaryotic mono(ADP-ribosyl)transferase have been cloned, including the mono(ADP-ribosyl)transferases from rabbit skeletal muscle [10] , Abbreviations used : DEA-BAG, diethylamino(benzylidineamino)guanidine ; DMEM, Dulbecco's modified Eagle's minimum essential medium ; ES-MS, electrospray mass spectrometry ; GPI, glycosylphosphatidylinositol ; HBSS, Hanks' balanced salts solution ; PEI, poly(ethyleneimine) ; PI-PLC, phosphoinositol-specific phospholipase C ; PMNs, polymorphonuclear neutrophil leucocytes ; PPP, platelet-poor plasma.
* To whom correspondence should be addressed.
intact PMNs, and the activity was found to be approx. 50-fold lower than that in rabbit cardiac membranes. The K m of the enzyme for NAD + was 100.1p30.4 µM and the V max 1.4p0.2 pmol of ADP-ribosylagmatine\h per 10' cells. The enzyme is likely to be linked to the cell surface via a glycosylphosphatidylinositol anchor, since incubation of intact PMNs with phosphoinositol-specific phospholipase C (PI-PLC) led to a 98 % decrease in mono(ADP-ribosyl)transferase activity in the cells. Cell surface proteins were labelled after exposure of intact PMNs to [$#P]NAD + . Their molecular masses were 79, 67, 46, 36 and 26 kDa. The time course for labelling was non-linear under these conditions over a period of 4 h. The labelled products were identified as mono(ADP-ribosyl)ated proteins by hydrolysis with snake venom phosphodiesterase to yield 5h-AMP.
human skeletal muscle [11] , and two isoforms from chicken bone-marrow cells [12] . The deduced amino acid sequence of the rabbit and human skeletal-muscle mono(ADPribosyl)transferases revealed proteins with approximate molecular masses of 36 kDa and 40 kDa respectively. They had no significant amino acid similarity to any of the known sequences of the prokaryotic mono(ADP-ribosyl)transferases or poly(ADPribosyl)transferases, although there was approx. 50 % sequence similarity to the chicken bone-marrow-derived mono(ADPribosyl)transferases and approx. 40 % sequence similarity to the RT6.2 NAD + glycohydrolase [12] . The deduced amino acid sequence of the rabbit skeletal-muscle mono(ADP-ribosyl)transferase contains a hydrophobic C-terminal region and a site for a glycosylphosphatidylinositol (GPI) anchor, which would secure it in the plasma membrane. This was confirmed by subsequent transfection of the corresponding cDNA into rat mammary adenocarcinoma cells [11] . Furthermore, the GPI anchor could be hydrolysed by phosphatidylinositol-specific phospholipase C (PI-PLC). Other mono(ADP-ribosyl)transferases, including rat cardiac-muscle membrane mono(ADP-ribosyl)transferase [13] and the enzyme from the cell surface of cultured mouse skeletal-muscle cells [14] , can be released by hydrolysis of the GPI anchor with PI-PLC. In contrast, an arginine-specific mono(ADP-ribosyl)transferase found in skeletal-muscle sarcolemma has an activity which is predominantly orientated towards the cytoplasm [15] .
In many cases, the substrates of mono(ADP-ribosyl)transferase were identified in tissue homogenates or isolated membrane fragments in the presence of high concentrations of purified enzyme (for review, see [16] ). Many of these candidate substrates have yet to be identified in whole cells or intact tissues, and the presence of a mono(ADPribosyl)transferase on the cell surface would suggest that its substrate might have a similar location. To date, only one substrate for this enzyme has been identified on the outer cell surface, namely the 97 kDa laminin-binding protein, integrin α7 of mouse skeletal myocytes [14] . Integrin α7 is developmentally regulated, and forms heterodimers which assemble as a mature laminin receptor (β " α ( ). The significance of the ADP-ribosylation of this protein on the cell surface of skeletal-muscle cells remains unclear, but might play a role in integrin signal transduction, the regulation of its expression or cell adhesion.
There is evidence that G s α is a substrate for mono(ADPribosyl)transferase in certain tissues [17] [18] [19] , which may lead to altered G s α activity [17] [18] [19] or abundance [20] . There are also reports of mono(ADP-ribosyl)ation of the 78 kDa glucose regulator protein [21] , non-muscle actin [22, 23] and elongation factor-2 [24, 25] . It has been proposed in each case that the covalent modification of the acceptor protein alters its biological activity.
Mono(ADP-ribosyl)transferase activity has been described previously in polymorphonuclear-neutrophil-leucocyte (PMN) homogenates and membranes ; the substrates have been shown to include 116, 42, 37 and 27 kDa proteins [26] [27] [28] , and the 42 kDa protein has been identified as actin. The mono(ADPribosyl)ation of actin has, however, been shown to be a nonenzymic addition of ADP-ribose on to a cysteine residue [27] , which inhibits polymerization of actin filaments. The aims of this study were (i) to identify a mono(ADP-ribosyl)transferase activity on the outer aspect of PMNs, (ii) to determine whether the activity is mediated by an Arg-specific-mono(ADPribosyl)transferase, (iii) to determine the kinetic properties of the enzyme and (iv) to determine whether the enzyme is GPI-linked. 
METHODS

Materials
Isolation of PMNs
PMNs were isolated from the blood of normal human volunteers as described by Savill et al. [29] . Whole blood was centrifuged at 500 g for 20 min, and the platelet-poor plasma (PPP) removed and retained. The remaining pellet was mixed with dextran at a final concentration of 0.72 % (w\v), and the red blood cells were allowed to sediment. The supernatant, consisting of leucocyterich plasma, was centrifuged at 500 g for 6 min and the resulting pellet was resuspended in PPP, centrifuged through a discontinuous plasma\Percoll gradient, and the PMNs were collected at the gradient interface. The PMNs were washed once in PPP, followed by two washes with HBSS, and finally resuspended in DMEM without Phenol Red. The cells were allowed to rest at room temperature for 1 h before assay.
Synthesis of diethylamino(benzylidineamino)guanidine (DEA-BAG)
DEA-BAG was synthesized by the method of Soman et al. [30] . The purity of the reaction product was determined by TLC using silica gel 60 F #&% as stationary phase and methanol as solvent. The identity of the reaction product was confirmed by desorption electron-impact ionization MS on a Finnigan-MAT 4500 quadrupole mass spectrometer. The mass spectrum of the product contained a molecular ion at m\z 233 and prominent fragment ions at m\z 218, 161, 159, 146, 133, 131, 117 and 104.
HPLC of [ 32 P]NAD +
[$#P]NAD + was purified by reverse-phase HPLC in accordance with a modification of the method of Formato et al. [31] .
[$#P]NAD + was separated from contaminants on a Nucleosil-10 C-18 reverse-phase column by using a linear gradient from 50 mM ammonium acetate buffer, pH 6, to 90 % (v\v) 50 mM ammonium acetate buffer, pH 6, containing 10 % (v\v) methanol over 30 min at a flow rate of 1 ml\min. Fractions of volume 1 ml were collected and the radioactive peak was monitored by liquidscintillation counting. The peak fractions were pooled, freezedried and resuspended in DMEM as required.
Synthesis of ADP-ribosyl-DEA-BAG
ADP-ribosyl-DEA-BAG was prepared by ADP-ribosylation of the guanidino group of DEA-BAG by using cholera toxin. The reaction mixture contained 50 µg of activated cholera toxin, 2 mM DEA-BAG, 10 mM NAD + (160 µCi of HPLC-purified [$#P]NAD + ) in 200 mM phosphate buffer, pH 7.0. This mixture was incubated at 37 mC for 6 h and the reaction was stopped by the addition of an equal volume of ice-cold 10 % (w\v) trichloroacetic acid. The resulting precipitate was removed by centrifugation at 15 000 g for 20 min, and the supernatant was retained and stored at k20 mC until required. ADP-ribosyl-DEA-BAG was separated by HPLC by a modification of the method of Peterson et al. [32] . HPLC was performed on a Nucleosil 10 C-18 column by using a linear gradient over 1 min from 0.2 M ammonium acetate\0.1 M NaClO % , pH 6, to 50% (v\v) 0.2 M ammonium acetate\0.1 M NaClO % , pH 6, containing 50 % (v\v) methanol at a flow rate of 1 ml\min (System I). Thereafter the column was eluted isocratically for 40 min and products were detected at 355 nm.
The fractions containing the ADP-ribosyl-DEA-BAG were retained, freeze-dried, and resuspended in 10 % (v\v) methanol. The salt in the samples was removed by using a C-18 Sep-Pak cartridge. The sample was loaded on to the cartridge and washed with 10 ml of water. The ADP-ribosyl-DEA-BAG was eluted with 50 % (v\v) methanol, freeze-dried, and the identity of the peaks was confirmed by electrospray MS (ES-MS).
ES-MS and microbore HPLC-ES-MS (System II)
Pneumatically assisted ES-MS was performed on a VG Biotech Quattro II tandem quadrupole mass spectrometer (Fisons Instruments). Mass analysis was performed on the first quadrupole (MS1) only. All samples were dissolved in 1 % (v\v) formic acid in methanol and injected via a Rheodyne 8125 injector. For flow-injection analysis, the solvent was 50 % (v\v) acetonitrile at a flow rate of 20 µl\min (Michrom BioResources Fluid delivery module, Jones Chromatography) and the instrument (MS1) was scanned at 5 s\scan over the mass range m\z 100-860.
Microbore HPLC-ES-MS was performed on a Hichrom RPB 1 mm (internal diam.)i150 mm column eluted isocratically with 40 % (v\v) methanol in 50 mM ammonium acetate, pH 6, at 50 µl\min. The HPLC effluent was monitored at 355 nm (Waters model 486 variable wavelength detector fitted with a microbore flow cell) before introduction to the ES source. The MS was scanned at 5 s\scan over the mass range m\z 300-860.
Assay of arginine-specific ADP-ribosyltransferase activity
The assay for ADP-ribosyltransferase activity was modified from that of Moss and Stanley [33] and McMahon et al. [13] . PMNs were resuspended in DMEM (without Phenol Red) buffered with 20 mM Hepes, pH 7.0, containing 750 µM of HPLC-purified [$#P]NAD + (20 µCi\tube) and 50 mM agmatine in a final reaction volume of 300 µl. The tubes were incubated at 37 mC for the times indicated, and the reaction was terminated by addition of an equal volume of 2 M nicotinamide in 20 mM Tris\HCl pH 7.0. The samples were centrifuged at 15 000 g for 30 min, and 500 µl of the supernatant was loaded on to 3 ml columns of Dowex 1X2-400 ion exchange resin. The columns were then sequentially eluted with 2i3.5 ml of 20 mM Tris\HCl, pH 7.0 and then eluted finally with 4 ml of 20 mM Tris\HCl, pH 7.0. The final 4 ml fraction contained ADP-ribosylagmatine, which was collected for liquid-scintillation counting.
Mono(ADP-ribosyl)ation of surface proteins of PMNs
PMNs (" 10( cells) were suspended in 400 µl of DMEM containing 20 mM Hepes buffer, pH 7.4, [α-$#P]NAD + (20 µCi), 1 mM ADP-ribose, 1 mM p-nitrophenylthymidine 5h-monophosphate ester (a cell-surface 5h-nucleotide phosphodiesterase inhibitor) and other reagents as indicated. The reaction was allowed to proceed at 37 mC for the times indicated, and the reaction was terminated by the addition of 1 ml of 20 % (w\v) trichloroacetic acid. The precipitate was washed, and the proteins were resolved on SDS\10 % (w\v)-polyacrylamide gels. The gels were then dried, and the $#P-labelled products located by autoradiography as described previously [19] .
The demonstration of a mono(ADP-ribosyl)ated product involved analysis of the protein pellet after trichloroacetic acid precipitation. The pellet was resuspended in 50 µl of 50 mM Tris\HCl buffer, pH 9.0, containing 10 mM MgCl # and 1 mg\ml snake venom phosphodiesterase l (40 units\mg). The mixture was incubated for 17 h at 37 mC, and the reaction terminated by the addition of an equal volume of 20 % (w\v) trichloroacetic acid. The suspension was centrifuged at 14 000 g for 5 min, and the supernatant retained for TLC analysis. The pellet was solubilized, and the labelled proteins were resolved on SDS\10 %-polyacrylamide gels and located by autoradiography. The $#P-labelled product(s) in the supernatant of the snake venom phosphodiesterase reaction were identified by TLC. The sample was spotted on to PEI-treated cellulose TLC plates, and the spots were resolved in 0.3 M LiCl containing 0.6 M acetic acid. Standards were also spotted on the same TLC plate (ADP-ribose, ADP, AMP, NAD + and adenosine). The plate was dried and the location of the product(s) identified by UV quenching (standards) and autoradiography (sample).
Statistical analysis
All results are quoted as meanspS.E.M. Regression analysis was performed by using the curve-fitting program of Figure P . software ( Figure P. Corp.) . Analysis of variance was performed by using Statgraphics software (Statgraphics Corp.).
RESULTS
In pilot experiments, the viability of human PMNs maintained in DMEM was examined at times up to 17 h by Trypan Blue dye exclusion. Under the conditions described, cell viability was consistently 97 % at 17 h, which confirms the results published elsewhere [29, 34] .
The activity of mono(ADP-ribosyl)transferase on the surface of PMNs was examined in reactions using DEA-BAG as a substrate. DEA-BAG was used as a substrate, as it possesses a chromophore (which facilitates its detection) and, in contrast with arginine and agmatine, it lacks a primary amino group. ADP-ribosylation of DEA-BAG is thus limited to the guanidino group. Authentic ADP-ribosyl-DEA-BAG was synthesized by using cholera toxin and purified by reverse-phase HPLC on a Nucleosil-10 C-18 column (system I). Two UV-absorbing (355 nm) anomeric forms of the product were observed, with retention times of 11 and 13.5 min ; these were well separated from NAD + (6 min) and unchanged DEA-BAG (28 min). Once desalted, each anomer generated an intense electrospray mass spectrum with the base peak at m\z 775 (MjH + ) and associated cationized species at m\z 797 (MjNa + ), 813 (MjK + ) and 819 (Mj2Na + kH + ). These fractions were rechromatographed on a microbore RPB HPLC column eluted with methanol\ammonium acetate (system II), and monitored on-line by ES-MS. The anomers were eluted at 19 and 21 min, and each generated a characteristic mass spectrum with MjH + at m\z 775. Having established the conditions for measurement of ADP-ribosyl-DEA-BAG, the ADP-ribosylation of DEA-BAG in the presence of PMNs was examined.
Approx. 10' cells\ml were incubated in a final volume of 10 ml containing 1 mM DEA-BAG and 10 mM NAD + in HBSS containing 20 mM Hepes buffer, pH 7.4, for 17 h at 37 mC. The cell suspension was centrifuged at 1500 g for 20 min, and the supernatant was retained and desalted. When DEA-BAG was treated in the absence or presence of PMNs, there was no difference in the initial HPLC UV profile (system I) (results not shown). The HPLC fractions which were eluted between 11 and 14 min were combined, desalted and rechromatographed on microbore HPLC\ES-MS (system II). The two ADP-ribosyl-DEA-BAG anomers were observed in the PMN-treated samples (Figure 1b) at 19 min and 21 min respectively. Analysis of the mass spectrum of peak I indicated that the major ion species was m\z 775 ( Figure 1c) ; a similar mass spectrum was obtained for peak II (results not shown). These peaks were absent from the control incubations (Figure 1a) .
There was no evidence of ADP-ribosyl-DEA-BAG formation when DEA-BAG and ADP-ribose were co-incubated, over the concentration range 0.1-10 mM ADP-ribose. This result indicates that the PMN-mediated ADP-ribosylation was not simply associated with cell-surface NAD + glycohydrolase activity and subsequent non-enzymic addition of ADP-ribose to DEA-BAG. These data confirm that human PMNs express an argininespecific mono(ADP-ribosyl)transferase.
Figure 2 Kinetics of mono(ADP-ribosyl)transferase in human PMNs
PMNs were isolated from human blood and mono(ADP-ribosyl)transferase activity was measured as described in the Methods section. The use of DEA-BAG as a substrate, and two HPLC systems was not a robust assay for human PMN mono(ADPribosyl)transferase activity, and the assay for arginine-specific mono(ADP-ribosyl)transferase of Moss and Stanley [33] was modified. This assay uses agmatine as the acceptor for ADPribose and measures [$#P]ADP-ribosylagmatine as the product, which identifies the enzyme as an arginine-specific mono(ADPribosyl)transferase. Mono(ADP-ribosyl)transferase activity was linear with time under these conditions up to 4 h (r# l 0.96, P 0.01) (Figure 2A) , and remained linear for up to 20 h (results not shown). The effect of cell number on mono(ADPribosyl)transferase activity was also examined. With increasing
Figure 3 Effect of PI-PLC treatment on mono(ADP-ribosyl)transferase activity in human PMNs
Human PMNs were isolated as described in the Methods section and treated for selected times in the presence of 1.2 units/ml PI-PLC. The cells were centrifuged, and the cell pellet was retained and measured for mono(ADP-ribosyl)transferase activity (#). The supernatant was retained and centrifuged at 40 000 g for 20 min. Mono(ADP-ribosyl)transferase activity was also measured in the resulting supernatant ($). The assay tubes were incubated at 37 mC for 17 h. The bar represents total enzyme activity before PI-PLC treatment. The data are presented as meanspS.E.M. (n l 3).
number of cells\tube, the assay remained linear up to and including 8i10' cells\tube (r# l 0.95, P 0.001)( Figure 2B ). In subsequent experiments, enzyme activity was measured with 5i10' cells\tube and an incubation time of 4 h. The apparent K m of PMN mono(ADP-ribosyl)transferase was determined by the measurement of enzyme activity as a function of increasing concentrations of NAD + . From these experiments an apparent K m value for NAD + was obtained of 100.1p30.4 µM (n l 4) and a V max of 1.4p0.2 pmol of ADP-ribosylagmatine\h per 10' cells ( Figure 2C ).
PI-PLC cleaves the PI side-chain of GPI-anchored proteins, thus releasing them from the membrane. In order to determine whether the mono(ADP-ribosyl)transferase activity on the surface of PMNs was GPI-linked, intact cells were incubated for various times at 30 mC in the presence of 1.2 units\ml PI-PLC, and activity was then measured in both the supernatant and the cell pellet (Figure 3) . Increasing the incubation time of the cells with PI-PLC decreased the activity of mono(ADPribosyl)transferase in the cell pellet. After 1 h incubation with PI-PLC, approx. 98 % of mono(ADP-ribosyl)transferase activity had been lost from the cell pellet. There was no significant increase in mono(ADP-ribosyl)transferase activity in the cell supernatant after PI-PLC treatment. There was no change in cell-pellet or supernatant mono(ADP-ribosyl)transferase activity over the same time course in cells which were not treated with PI-PLC (results not shown). From these results we conclude that the mono(ADP-ribosyl)transferase of PMN is GPI-linked and is located on the outside of the cell.
$#P-labelled proteins on the surface of PMNs were located autoradiographically (Figure 4, left) . Prominent labelled bands were identified at 70, 67, 46, 36 and 26 kDa (Figure 4) . The labelled product was identified as a mono(ADP-ribosyl)-protein adduct by snake venom phosphodiesterase cleavage of the bond. The reaction eliminated the $#P label from the proteins, and the
Figure 4 [ 32 P]ADP-ribosylation of intact human PMNs
PMNs (5i10 6 ) were incubated at 37 mC in the presence of 10 µCi of [ 32 P]NAD + for 4 h. The membrane proteins were then precipitated with trichloroacetic acid and the pellet was washed as described in the Methods section. The proteins were solubilized in SDS/PAGE buffer and separated on an SDS/10 % (w/v)-polyacrylamide gel. The labelled proteins were identified by autoradiography (left panel). In similar experiments, the 32 P-labelled products in the precipitate were treated with snake venom phosphodiesterase (1 mg/ml) for 17 h. The proteins were precipitated with trichloroacetic acid and the content of the supernatant was analysed by TLC (see the Methods section). The location on the TLC plate of standard solutions of adenosine, NAD + , AMP, ADP-ribose and ADP is shown (right panel).
Figure 5 Time course of [ 32 P]ADP-ribosylation of intact human PMN proteins
PMN (10 7 ) were incubated at 37 mC in the presence of 20 µCi of [ 32 P]NAD + for the times indicated. The membrane proteins were precipitated with trichloroacetic acid and the pellet was washed as described in the Methods section. The proteins were solubilized in SDS/PAGE buffer and separated on an SDS/10 %-polyacrylamide gel. The [ 32 P]ADP-ribosylated proteins were identified by autoradiography, and the densities of the bands quantified with an LKB Ultrascan laser densitometer (absorbance units).
cleavage product was identified as 5h-AMP by TLC (Figure 4 
DISCUSSION
This is the first demonstration of arginine-specific mono(ADPribosyl)transferase activity on the cell surface of human PMNs. Previous measurements of mono(ADP-ribosyl)transferase in PMNs have been made with homogenates [26] [27] [28] . In order to determine whether the mono(ADP-ribosyl)transferase activity of PMNs was arginine-specific, the arginine analogue DEA-BAG was used as a substrate. Reaction of PMNs with DEA-BAG yielded ADP-ribosyl-DEA-BAG, whose structure was confirmed in this study. No product could be detected in incubations performed in the absence of PMNs. The two anomeric forms of ADP-ribosylated products have been noted previously [35] and were confirmed by microbore HPLC-ES-MS. The use of a second HPLC system, together with MS identification, makes it unlikely that ADP-ribosyl-DEA-BAG has been misidentified. The possibility was considered that the low level of mono(ADPribosyl)transferase activity observed in these experiments was due to non-enzymic ADP-ribosylation. Free ADP-ribose released as a product of NAD + hydrolysis, possibly as a result of NAD + glycohydrolase activity, may form a Schiff's base with free amino groups. This reaction is more likely to occur at a primary-amino group than at a guanidino nitrogen atom. Incubation of DEA-BAG with ADP-ribose did not yield ADP-ribosyl-DEA-BAG. This result is similar to that seen when ADP-ribose was incubated with arginine [36] , when again no product could be detected. The present results provide irrefutable evidence that the mono(ADPribosyl)transferase activity of human PMNs is enzymic.
Routine assay of the mono(ADP-ribosyl)transferase activity of PMNs would be impracticable with the two HPLC systems ; therefore the assay for enzyme activity of Moss and Stanley [33] , using agmatine as a substrate, was modified. The enzyme activity on the surface of PMNs, as measured by the ADP-ribosylation of agmatine, is much lower than that previously reported for cardiac muscle membrane [13] or mouse skeletal-muscle cells [10] . In our hands, the activity is at least 50-fold lower than that in rabbit cardiac muscle membrane. The apparent K m of the PMN enzyme was found to be 100.1p30.4 µM, which is comparable with that found previously in rat cardiac muscle, 330 µM [13] .
This enzyme assay uses agmatine (decarboxyarginine) as a substrate. This molecule contains a primary-amino group, whence it is possible that non-enzymic ADP-ribosylation could occur at this site. This is unlikely, however, as arginine is not a good acceptor for free ADP-ribose [36] . The assays of mono(ADP-ribosyl)transferase activity were performed with whole cells, which indicates the presence of the enzyme on the outer aspect of PMNs. This is similar to its orientation on cultured skeletal muscle myocytes, where again the enzyme activity was located on the outside of the cell [14] . This orientation of mono(ADP-ribosyl)transferase on the outside of a cell is predicted by the cDNA sequence of muscle mono(ADPribosyl)transferase, which suggested the presence of a GPI anchor. The majority of known GPI-linked proteins are found on the outside of the cell, including other NAD + -dependent enzymes such as cyclic ADP-ribose synthase and NAD + glycohydrolase [25, 37, 38] . In order to confirm whether the PMN mono(ADP-ribosyl)transferase was indeed a GPI-linked protein, cells were treated with PI-PLC before assay of mono(ADPribosyl)transferase activity. Approx. 98 % of the enzyme activity was lost from the cell surface after pretreatment with PI-PLC. We were unable to measure a significant increase in mono(ADPribosyl)transferase activity in the supernatant after PI-PLC treatment, and the reason for this is uncertain. The mono(ADPribosyl)transferase in PMNs might be inactivated after loss of its GPI-linked anchor, which under normal circumstances constrains the enzyme at the cell membrane. These results contrast with those from rat cardiac-muscle membrane mono(ADP-ribosyl)transferase, which upon treatment with PI-PLC showed an increase in enzyme activity [13] . Similarly, PI-PLC treatment of cultured mouse skeletal-muscle cells released measurable quantities of the enzyme [10] .
Our results have shown the presence of an Arg-specific mono(ADP-ribosyl)transferase on the surface of human PMNs, which led us to examine the possibility of protein substrates for the enzyme on the outer aspect of the plasma membrane. The labelling experiments were performed in the presence of ADPribose to minimize the contribution of non-enzymic addition of free [$#P]ADP-ribose to protein acceptors. ADP-ribose may be generated rapidly by hydrolysis of NAD + in the presence of NAD + glycohydrolase (another GPI-linked cell-surface protein). The stability of the mono(ADP-ribosyl)ated product was maximized by the addition of p-nitrophenylthymidine 5h-monophosphate ester, an inhibitor of 5h-nucleotide phosphodiesterase [39] ). This enzyme has been implicated in the hydrolysis of mono(ADP-ribosyl)ated proteins at the cell surface [39] . The results here show multiple protein substrates for a mono(ADPribosyl)transferase. This enzyme activity was implicated in the labelling reaction after hydrolysis of the product with phosphodiesterase to yield 5h-AMP.
The time-course experiment for labelling of cell proteins revealed that [$#P]NAD + is unstable under the conditions of the assay. In the earlier experiments, the labelling of DEA-BAG and agmatine were performed in the presence of final concentrations of 10 mM and 0.75 mM NAD + respectively. However, owing to the limitation of the sensitivity of the method, the labelling of the protein substrates was performed with trace [$#P]NAD + alone (final concn. 670 nM). At present, there are no selective inhibitors of NAD + glycohydrolase activity, and this problem remains unresolved by all workers in this field [13, 14, 33, 40, 41] . Notwithstanding this problem, the labelling reaction increases with time, although slowly after 1 h.
The possibility that mono(ADP-ribosyl)transferases may be involved in white-cell function has been suggested by previous research on cytotoxic T lymphocytes (CTL) [42] . Again, the enzyme is situated on the outer aspect of the cell, and may be released with PI-PLC, indicating the presence of a GPI anchor. In these cells mono(ADP-ribosyl)transferase activity suppresses the ability of CTL cells to proliferate and mediate cell lysis [42] . This is the first report of an arginine-specific mono(ADPribosyl)transferase on the external surface of human PMNs. This enzyme most probably contains a GPI anchor, which attaches it to the cell membrane. There are substrates for the enzyme on the cell surface of PMNs, and we are at present exploring the possibility that it could play a role in PMN function.
